Abstract: Ultrasonic velocity, density and viscosity have been measured in the binary mixtures of benzyl benzoate with acetonitrile, benzonitrile at three temperatures 30, 40 and 50 0 C. From the experimental data, thermodynamic parameters like adiabatic compressibility, internal pressure, enthalpy, activation energy etc., were computed and the molecular interactions were predicted based on the variation of excess parameters in the mixture. Also theoretical evaluation of velocities was made employing the standard theories. CFT and NOMOTO were found to have an edge. All the three mixtures have shown out strong intermolecular interactions between the unlike molecules and endothermic type of chemical reaction.
Introduction
The work on medicinally used chemical compounds requires the attention of the society in all aspects including ultrasonic behaviour. Practically, ultrasonic studies are of immense use to study the molecular interactions when these compounds are in binary mixture form with some other liquids -protic /aprotic /polar /nonpolar etc. Benzyl benzoate is a carboxylate ester which is used as an insect repellant, a medicine for scabies and also used in oily injections. Behaviour of benzyl benzoate in many liquids such as aliphatic alkanes, aromatic alkanes, aliphatic alcohols, substituted benzenes, acetates, ketones and DMSO (super solvent) [1] [2] [3] [4] has been thoroughly studies ultrasonically.
In the present investigation, it is aimed at a detailed study of the binary mixture of benzyl benzoate with two nitriles -acetonitrile and benzonitrile at three temperatures 30, 40 and 50 0 C. From the experimentally measured data of velocity, density and viscosity, thermodynamic and other related parameters like adiabatic compressibility, internal pressure, activation energy etc., are computed and in terms of their excess parameters, the nature of molecular interactions is predicted in the binary mixtures. Also an evaluation of velocities using five theories is attempted. CFT, NOMOTO and JUNJIE have shown an edge.
Experimental
The chemicals used in the present investigation are of analar grade and are further purified by employing the standard methods mentioned in literature 5 . The binary mixtures were prepared by mixing the weighed quantities of the pure liquids. Ultrasonic velocity was measured using a single crystal interferometer working at 2MHz with an accuracy of ± 0.05%. Density has been measured employing a double stem capillary type pyknometer with an accuracy of 2 parts in 10 5 . Weights were taken using an electronic single pan balance with an accuracy of ± 0.05 mg. Ostwald viscometer yielding an accuracy of ± 0.1% has been employed for viscosity measurements. Temperature was maintained to within ± 0.01 K employing an electronically controlled water bath. All the three measuring devices-interferometer, pyknometer and viscometer were standardized with triply distilled water as reference liquid before carrying out all the measurements in the test liquids.
Theoretical details
All the thermodynamic and related parameters were computed from the following relations [6] [7] [8] [9] . Adiabatic Compressibility
(2)
Activation Energy G = RT [ ln ηV M ] (5) All the excess parameters are computed using the general formula
A is any parameter and X 1 and X 2 are the mole fractions of components 1 and 2 respectively.
Results and Discussion
Ultrasonic velocity, density and viscosity have been measured in the binary systems of benzyl benzoate with the liquids -acetonitrile, benzonitrile at three temperatures 30, 40 and 50 0 C over the entire composition range. Using the standard relations (appended) explained elsewhere, thermodynamic and other allied parameters like adiabatic compressibility, free length, internal pressure, enthalpy, activation energy etc., have been computed and in terms of their excess parameters, molecular interactions have been predicted / estimated. Detailed presentation of results, analysis and interpretation are presented for all the three binary mixtures separately and a comparison is made at the end. Also velocities have been evaluated theoretically employing the five theories -FLT, CFT, NOMOTO, VANDAEL & JUNJIE, the details of the theories and method of calculation are given elsewhere 10 .
Benzyl benzoate + acetonitrile
Experimentally measured velocity, density and viscosity data as a function of the mole fraction of benzyl benzoate at three different temperatures 30, 40 and 50 0 C in the binary mixture: benzyl benzoate + acetonitrile have been presented in Table 1 . It can be observed that velocity increases from acetonitrile to benzoate and velocity decreases with temperature at all concentrations. Velocities have also been evaluated theoretically employing the five theories -FLT, CFT, NOMOTO, VANDAEL & JUNJIE. On comparing them with the experimental velocities, the maximum % deviations at 30 0 C noticed were -9.02, -3.49, 1.44, -24.60 and 1.04 respectively. From this one infers that CFT, JUNJIE and NOMOTO agree well with the experiment while VANDAEL shows larger deviations with temperature deviations decrease. The thermodynamic and other related parameters computed are shown in Table 2 . Adiabatic compressibility (β), free length (L f ) and internal pressure (π) decrease with concentration of benzyl benzoate while parameters like enthalpy (H) and activation energy (G) increase. All the parameters decrease with temperature. But for a better understanding of the molecular interactions in the mixture, excess parameters computed are delineated from Figures 1(a) -1(f) . As observed from Figures, β E and L f E are negative through out the concentration at all temperatures, with a minimum around 0.3 m. With rise in temperature, they are more negative (slightly positive at higher concentration β E at 50 0 C). As most of the excess parameters are negative at all temperatures, it may be suggested that strong AB interactions and dipole-dipole type interactions are predominant. The strength of the interactions increases with temperatures as observed from more negative values of the excess parameters. From the positive G E and η E , endothermic type of chemical reaction is predicted through out the concentration range at all temperatures.
Benzyl benzoate + benzonitrile
Ultrasonic velocity, density and viscosity data measured experimentally as a function of mole fraction of benzyl benzoate at at three different temperatures 30, 40 and 50 0 C in the system: benzyl benzoate + benzonitrile is presented in Table 3 . In this system, velocity increases from benzonitrile to benzoate, the curve being slightly concave upwards and decreases with temperature. Theoretical evaluation of sound velocity using the already said five theories shows that here also CFT, NOMOTO and JUNJIE appear to have an edge (from the maximum % deviations -3.07,-1.79,-0.37,-6.33,-0.51 in the five theories respectively). Table 4 describes the variation of the thermodynamic parameters with concentration of benzyl benzoate. One can see that compressibility and free length decrease with concentration of benzoate at all temperatures and increase with temperature. Almost all other parameters (π, H, G etc.,) increases with concentration and temperature as well. Table 5 .
Excess enthalpy, J mole -1 In the solutions of benzyl benzoate in aliphatic alcohols, strong molecular interactions between unlike molecules are predicted besides dipole -dipole interactions. Endothermic reaction is suggested in all the systems. In the mixture of benzoate with aliphatic alkanes also, similar type of interactions are reported. In the mixtures of benzyl benzoate with acetones and ketones also similar interactions are predicted. In the mixtures of benzyl benzoate with acetones and ketones also similar interactions are predicted. In the two acetate systems (MAA and EA), presence of weak interaction besides dispersive forces is suggested and the effect increases from MAA to EA. In the two ketones -MEK and BMK systems also weak interactions are suggested and the strength of bonding further worsens from MEK to BMK also have been computed using the mentioned standard relations 11 from which the molecular interactions can also be estimated. Relaxation strength (Figures 1(g) and 2 (g)) decreases with concentration at all temperatures and increases with temperature at all concentrations of benzyl benzoate in both the systems which indicates the formation of aggregates of solvent molecules around the solute due to which structural arrangement is affected in the systems. Relaxation time (Figures 1(h) and 2(h)) and absorption coefficient (Figures 1(i) and 2(i)) increase with concentration of benzyl benzoate and temperature as well. In acetonitrile system up to ~0.4 m, the temperature variation of relaxation time and absorption is very very small while at higher concentrations, increase with temperature is conspicous and clear. The nature of molecular interactions from the behaviour of the above parameters is similar to the one obtained from the excess parameters.
The opposing tendencies (in various excess parameters) may be due to the fact that strong dipolar interactions and highly directional interaction bonding act simultaneously between the constituent molecules and the relationship between the excess functions is not simple and reflects the properties of the interaction molecules 12 . Also in a system it should be remembered that the effect of interaction between the like and unlike molecules balance each other in varying degrees.
Also for better understanding of the degree of interaction (magnitude etc.,) one requires all the theories FLT, CFT, H bond formation, dipole-dipole interactions etc. Such a comprehensive expression for intermolecular / atomic potential taking into account all the theories has not yet been worked out 13 .
